Nine countries signed the Letter of Intent for the Founding Board -Australia, China, France, Germany, Italy, New Zealand, South Africa, The Netherlands, and the UK. A number of additional countries are expected to join the Board in the next month or so. Each country is represented by an agency or government official and a scientist. The SKA Science and Engineering Committee (SSEC) will continue to oversee the activities of the SKA Program Development Office (SPDO) until the end of 2011 when the agreements governing these two organisations expire. The SSEC will also advise the Founding Board on the science and engineering directions to be taken in the international project.
At its first meeting on 2 April, the Founding Board decided that the location of the SKA Project Office (SPO) will be at the Jodrell Bank Observatory near Manchester in the UK. This decision followed a competitive bidding process in which a number of excellent proposals were evaluated in an international review process. The SPO, which is hoped to grow to 60 people over the next four years, will supersede the SPDO currently based at the University of Manchester. The physical move to a new building at Jodrell Bank Observatory is scheduled for mid-2012.
The Board also agreed to start the recruitment of the SPO director. I have decided to step down in December as international project director after nine years in the job.
Often a neutron star ends up rotating rapidly, many times a second, with a strong magnetic field. The combination of rapid rotation and magnetic field combines to generate a highly beamed radio signal, much like a lighthouse beam. If the radio beam sweeps across Earth, astronomers can detect regular radio pulses, which is why these neutron stars are known as pulsars. Millisecond pulsars, so called because their pulses are separated by only about 1 millisecond (0.001 seconds), are marvellous clocks. Indeed, on long timescales, they rival even atomic clocks and so can be used for a variety of physics experiments in space. Most famously, they have been used to test our best current understanding of gravity, Einstein's general theory of relativity (GR). One notable prediction of GR is that two closely orbiting objects-such as two neutron stars or two black holes-should produce gravitational radiation, the gravitational equivalent of electromagnetic radiation (i.e. light). Gravitational radiation has now been detected indirectly by pulsar measurements of several pulsar binary systems, notably PSR B1913+16 (Taylor & Weisberg 2010) and the double pulsar J0737−3039A/B (Kramer et al. 2006 ).
In 1982, Don Backer put forth the idea of a pulsar timing array, an array of millisecond pulsars that could be used to measure gravitational radiation from binary black hole systems; even more exotic, gravitational radiation might also be produced by cosmic strings, essentially defects in the structure of the Universe. His idea has now been implemented by three collaborations, the European Pulsar Timing Array (EPTA) the North American Nanohertz Observatory of Gravitational Waves (NANOGrav) and the Parkes Pulsar Timing Array (PPTA)together the three collaborations make up the International Pulsar Timing Array (IPTA).
By current timing standards (described below) and with estimates of the strength of gravitational radiation, the three PTAs expect to reach the necessary sensitivity to detect gravitational radiation within 5 -10 years. In the SKA-era, however, gravitational astronomy will have matured -and the focus will change towards characterisation of sources. Using the SKA, for example, we expect to recover waveforms for individual black hole binaries, and thereby recover the mass, spin, and distance of each of the black holes.
A pulsar timing array detects gravitational radiation by measuring differences between the time that radio pulses are predicted to arrive and the time they do arrive. Those differences may be caused by gravitational radiation sweeping over the Earth, much like a ball floating on the water bobs around as water waves roll under it. Gravitational radiation is quite weak, however, so that the amount by which the pulsar periods change in response to gravitational radiation is quite small. Current estimates are that pulsar pulse arrival times from many pulsars need to be measured to less than 100 nanoseconds (100 billionths of a second) in order to study gravitational radiation.
The PPTA is currently timing 20 pulsars, in some cases with data spans exceeding 20 years, and achieving precisions on the various pulsars ranging between 45 and 2500 nanoseconds. The PPTA makes heavy use of the Parkes telescope, obtaining pulse time of arrival measurements on typical time scales of one every few weeks at each of three frequencies. Bandwidths of up to 1024 MHz are used with both coherent and incoherent dedispersion systems. Recent analyses of the PPTA measurements have focused on its sensitivity to both a stochastic background (or the sea of gravitational waves) and to individual sources of gravitational waves (Yardley et al. 2011a, b) . The PPTA measurements are important in the IPTA context, especially because of the southern hemisphere location of Parkes allowing it to observe pulsars in the southern sky, thereby ensuring coverage over the entire sky.
NANOGrav is currently timing 17 pulsars, with precisions on the various pulsars between 40 and 1900 nanoseconds by using the Green Bank and Arecibo telescopes roughly once per month. Recent accomplishments include an impressive leap in observing bandwidth at Green Bank from 64 MHz to 800 MHz; a similar upgrade under construction at Arecibo increases their sensitivity to weak pulsars by a factor of 12.5, which implies an increase in pulsar timing precision. NANOGrav has also just demonstrated that it is possible to extend the gravitational frequency range of a pulsar timing array by observing daily. In this case, it would be possible to characterise bursts of gravitational radiation -events of order a month or shorter, such as highly eccentric black hole binaries or, more esoterically, the cusp-like decay of cosmic strings (Finn & Lommen 2010) .
The EPTA is a multi-national and multitelescope European collaboration. It employs the data from five large diameter radio telescopes, four of which have ongoing pulsar observing programs: the Effelsberg radio telescope, the Nançay radio telescope, the Westerbork telescope array, the Lovell radio telescope and the Sardinia radio telescope (first light mid-2011). Each telescope is equipped with state of the art pulsar instrumentation for high precision timing; observations are obtained at least once per month and timing precisions obtained on the various pulsars range from 134 to 910 nanoseconds. In a recent paper (van Haasteren et al. 2011) , using these data, the EPTA published the best current limit on the cosmological gravitational wave background (a sea of gravitational waves). The method is based on a Bayesian approach, considering the pulse time of arrivals as the superposition of the various sources of noise, either deterministic or stochastic, and marginalising over everything but the gravitational wave signal. Further, recent hardware upgrades at Nançay, Jodrell, and Effelsberg have enabled coherent dedispersion across 512 MHz bandwidths at all telescopes for the first time. This project is complimented with the Large European Array for Pulsars (LEAP) project in which the aim is to add coherently the five telescopes in a phased array, with an effective area equivalent to Arecibo; tests using data from the WSRT synthesis telescope have been successful. The completion of baseband recording systems at all stations will enable coherent summing of all dishes in the near future.
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Project news
The SKA Project's approach to the engineering implies a series of stages, with formal reviews at each stage. The first stage is the concept stage, and has been first applied at the system level. Last year there was a system concept design review (CoDR), and this year it was followed by a delta review, which has now been successful. This was an important milestone for the project enabling the SPDO to proceed to the next level of detail. A signal processing CoDR was recently successfully held in Manchester, and a CoDR on aperture arrays will be held at the end of April 2011.
The CoDRs define overall progress in each engineering domain and ensure that all aspects of the technology under consideration have been examined in sufficient detail to allow progression to the next phase of the project. Successful completion of the CoDRs provides the project with a clear view of the engineering path forward to the pre-construction phase. In addition, a successful dish verification antenna (DVA) CoDR was also held in Socorro, NM, in February 2011. With further CoDRs being conducted throughout the course of the year, the following months promise to be busy!
System delta CoDR
In February 2011, the SKA passed the system engineering conceptual design review (system delta CoDR). The review was conducted by a panel of international experts who congratulated the SKA Program Development Office (SPDO) and the contributing organisations on the professionalism of their approach. The review panel examined the system level technical progress, the focus and feasibility of the project and the maturity level of the project at this stage. The panel particularly welcomed the prioritisation of the engineering design based on the science requirements of the SKA and was impressed by the organisation of the project into two phases, along with a parallel advanced instrumentation program. Overall, this approach has greatly reduced the project's technical risk.
Digital signal processing
More recently, the project also successfully passed the digital signal processing CoDR which was held at the University of Manchester in April 2011. After two days of presentations and questions, the expert panel confirmed that the digital signal processing domain is ready to move to the next phase of the project. The panel were pleased with the quality and quantity of the documentation, and provided a number of minor technical recommendations.
Dish verification antenna
A successful dish verification antenna (DVA-1) CoDR was held in Socorro in early February. DVA-1 is a prototype reflector antenna being developed as part of the Engineering update 08 Project news US and Canadian contributions to the international SKA design effort (the U.S. Technology Development Project (TDP) and the National Research Council of Canada's Dominion Radio Astrophysical Observatory). The aim of this review was to examine the assumptions and design for DVA-1 and to assess its readiness for prototype fabrication and testing. Dish development is a long leadtime item, which must be designed for both phases of the project, SKA1 and SKA2. Dish performance will determine a major aspect of overall system performance. The review considered many aspects of the design concept, including the impact on imaging dynamic range, design for mass manufacture, feeds, installation scenarios and capital and operating costs.
Preparing for the pre-construction phase
A project execution plan for the preconstruction phase of the SKA was developed by a large group of people representing the potential contributors to the SKA for the next funding phase. The plan was reviewed in Brussels in March 2011 by a group of internationally recognised experts on large science projects. The panel said that the "SKA is a transformational project with a broad and compelling science case". From an engineering perspective the panel was impressed with the system engineering approach and level of work done to date. They were also impressed with the level of engagement of the wider SKA community. They noted that the "SKA project is now ready now to make the necessary transition from the science project study phase into the big project detailed planning, design and construction phase".
Following the successful conclusion of the system delta CoDR, the review of the project execution plan, the digital signal processing CoDR, and the DVA-1 CoDR, further concept design reviews will be conducted throughout the course of the year. These will refine the next level of system requirements in preparation for the pre-construction phase. 
Request for information
As part of the process leading to selection of a site for the SKA, the host site candidates have been requested to provide information on a number of topics including science and technical aspects, such as the physical characteristics of the site, communications networks connectivity, infrastructure costs, and power generation and distribution, as well as a range of non-technical factors. This is an extremely important phase of the site selection process and the responses will give insight into the costs and implementation of the SKA at the candidate sites. These responses will be based on a representative model SKA because of the many uncertainties in the exact design of the instrument that currently exist.
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Site characterisation
Tropospheric measurement equipment in the South African Karoo.
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Radio frequency interference (RFI)
The high sensitivity RFI measurement campaigns at the two core sites were completed in 2010. High speed -transient -measurements are next to be carried out. Much time was spent getting this mode of operation to work, and after overcoming firmware flaws in reading out the on-board memory, it was discovered in the field that there is still an issue with the firmware in relation to the dynamic range that can be achieved. These issues are now being resolved with high priority.
The data processing software is progressing steadily. Capturing the measured results in an efficient manner is challenging and the report layouts and generation software are being refined.
The selection of four remote sites for RFI measurements to be taken is still under discussion. A decision will be made very soon to allow sufficient time to visit the sites and report the results in time.
Tropospheric measurements
The two systems that were built by JPL have been shipped to the sites. The South African team worked on the construction of the antenna mounts, the routing of cables and fibres and the installation of the central electronics in a shielded environment, prior to the visit of an SPDO team. The SPDO team visited the site in February to undertake the commissioning of the system and to start the tropospheric measurements. This proved successful; the antennas were pointed to a satellite, signals from receiver parts were checked, and the computer system and software all worked properly. After overcoming some minor problems, a functional system was declared ready for starting the measurements in the Karoo. The SPDO team is able to check the system and retrieve data remotely via the internet. Installation of the system at the Australian site has been delayed substantially but it is hoped that it will be collecting data by early May.
2011 is a year of change and progress for the SKA project. To reflect this, we have launched the very first SKA brand identity and completely redeveloped the SKA website. We are also ramping up media awareness of the SKA, increasing our social media presence and embarking on an international conference tour. So look out for the SKA project in the news, on the web and in exhibition halls around the world!
Launch of new website
You may already have spotted that the SKA website is looking different. Designed to be logically laid out and offer clear explanations of what the SKA will be and what it will do, the new website also has a searchable document archive that lists the SKA memo series and related papers. Links to newly published academic papers will also be added to this archive, so if you have recently published in areas directly related to SKA science or development let us know and we'll add the paper to the archive.
The first SKA brand identity
The first SKA brand identity was launched in Rome at the end of March 2011. The new identity includes an updated logo and has been designed to portray a technical and professional image. All SKA outreach materials are gradually being updated. Brand usage guidelines are available to download from the SKA website.
Outreach materials
The SKA brochures and leaflets have been re-printed in line with the new branding. If you would like to be sent printed copies of the SKA brochures and leaflets, get in touch with your local outreach committee member or Jo Bowler. www.skatelescope.org/theorganisation/committees-working-groups/ outreach-committee-oc/
Outreach update 12
The new SKA website was launched on 31st March 2011
The outreach brochures and leaflets have been given a new look
Project news
New media
We have recently increased the social media presence of the SKA to include:
Keep up to date with project news, the latest images, animations and discussions by joining us online.
Get involved!
If you have an idea for an outreach activity, can help with translation of outreach materials or would like advice on how to go about SKA outreach in your region, contact Jo Bowler bowler@skatelescope.org +44 (0) 161 275 4130.
Industry engagement continues at the SPDO; a Statement of Mutual Interest (SoMI) was recently signed with BAE Systems and Phil Crosby, Manager
Industry Participation Strategy, gave talks at several industry meetings. The SPDO met with Selex-Galileo, IBM UK, Circadian Power, and DDN regarding highperformance storage systems. The SPDO is also supporting industry sessions at SKA2011 in Banff. Internationally, industry involvement continues to develop in India, South Africa, Australia, Canada, The Netherlands, and the UK, and PrepSKA WP5 has progressed with the deliverable 'Towards a procurement strategy for the SKA'.
Statement of mutual interest with BAE Systems
Engagement with industry continues to build at the SPDO. A third Statement of Mutual Interest (SoMI) was signed with BAE Systems, adding to those in place with IBM and Nokia-Siemens-Networks. The SPDO team also attended a 'lessons learned' workshop arranged with BAE Systems project specialist, Ian Williams, covering key techniques of mega-project management.
Industry meetings
Phil Crosby gave presentations at industry meetings for eKTN in London, and at the Solar Flair event in Durham, where he arranged for the Boeing subsidiary, Spectrolab Inc., to feature. This meeting gave excellent exposure for the SKA to a wide range of solar power experts and companies.
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Industry participation
Signing of the SoMI at Jodrell Bank (l-r) Prof. Richard Schilizzi, SPDO; Mr. Les Gregory, BAE; Prof. Steve Watts, UMAN (credit Phil Crosby).
Project news
The SPDO also supported the Power Investigation Task Force meeting in Oxford, where Phil arranged for a speaker from Prudent Energy to present a talk on vanadium redox battery technology. The SPDO continues to meet and talk to industry players regarding the project requirements, including; a visit to the Selex-Galileo Edinburgh facility to inspect design and fabrication capability; meetings with IBM UK to discuss project management applications in their 'Rational' suite of software; and discussions with Circadian Power (UK) to get industrial perspectives on concentrated solar power technologies, and discuss possible SKA applications.
The SPDO team met with DDN to investigate their storage fusion architecture (SFA) for balanced, high-performance storage systems. Using highly parallelised storage processing technology, SFA delivers unprecedented input/output operations per second (IOPS) and massive throughput at the same time.
The SPDO is chairing the engineering organising committee for the industry days component of SKA2011 in Banff. A project plan is now in place, and regular telecons are being conducted to refine arrangements. Potential names of industrial organisations wishing to attend, or possibly speak, at SKA2011 are now being collected and considered. Please send any speaker nominations or potential attendee details to Phil at Crosby@skatelescope. org.
Intellectual property
An options report on tracking systems for Intellectual Property (IP) management has been drafted, as well as a further draft for a proposed SKA Project IP Policy Statement. SKA Memo 129: 'Procurement strategies enabling success in high-technology megaprojects: Preparatory work for the SKA' is now available from the SKA website.
International developments
The National Centre for Radio Astrophysics (India) is building up an active collaboration with industry partners focused on developing an architecture and implementation of a next generation Control and Monitoring (C&M) System for radio telescopes. The main industry partners are the Tata Research, Design and Development Centre, and Persistent Systems Ltd.
The MeerKAT project (South Africa) is currently focussing on infrastructure development through industry contracts for design, high-speed data links, and site transportation. In Australia, five further antennas were constructed late last year at the ASKAP site by CETC54, with CSIRO's ASKAP team and local contractors assisting with the antenna build.
In Canada, the Herzberg Institute for Astrophysics (HIA), British Columbia, continue to collaborate on matching Canadian scientific expertise and industrial capabilities to support the SKA project. The main focus continues in leading-edge technologies and manufacturability, next generation HPC, low noise amplifier (LNA) technologies; signal processing; and integrated receiver system production.
ASTRON in Holland held an industry day in January, with around 30 companies showing keen interest in the potential for industry to support the SKA project.
The UK effort continues with visits and meetings between Manchester and Cambridge personnel and RF Engines Ltd PrepSKA WP5 Finally, the work of PrepSKA WP5 has progressed, with a much more complete version of the deliverable 'Towards a procurement strategy for the SKA' now prepared. A procurement workshop is planned for mid-2011, and the industry 'scouting' work is expected to start after July 2011.
Project news
South Africa's SKA precursor -the MeerKAT -is making excellent progress. Construction of the sevendish engineering test bed (KAT-7) is now complete on site in the Karoo and this instrument is now being commissioned. The MeerKAT team has started the design phase for the 64-dish MeerKAT, while already planning for the science that will be done with MeerKAT during its first five years of operation. Over the past two months the engineers and scientists working on these projects have reached a number of significant milestones, while the project is also increasing its media profile and educational outreach significantly.
First joint HartRAO-KAT-7 VLBI fringes
South African astronomers successfully completed a very long baseline interferometry (VLBI) observation using one of the KAT-7 antennas in the Northern Cape, together with the 26 m antenna of the Hartebeesthoek Radio Astronomy Observatory -about 900 km away from KAT-7. The radio source 3C273 was observed, and the recorded signals were correlated at the MeerKAT office in Cape Town. While HartRAO has been involved in international VLBI observations for many years, this is the first time that a VLBI experiment has been done completely within South Africa.
MeerKAT engineers launch new ROACH board
The MeerKAT digital electronics team has produced the first prototypes of the next generation ROACH board, ROACH-2, which is about five times more powerful than the current ROACH-1 board. ROACH stands for reconfigurable open architecture computing hardware and is a computing building block for digital signal processing.
About 300 ROACH-1 boards are already in use in observatories and other institutions around the globe. ROACH-2, with five times the processing capacity of its predecessor,
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New MeerKAT control room in Cape Town
The VLBI baseline between Simon Ratcliffe and Jasper Horrell worked on the joint VLBI experiment from the MeerKAT office in Cape Town.
four times the memory bandwidth, twice the memory capacity and twice the I/O (input/ output) data rate, now provides a highly compatible upgrade path for all these facilities and opens up many more possibilities for new installations.
The design of ROACH-1 and 2 was led by engineers from the MeerKAT project, with collaboration from many international experts, especially the Centre for Astronomy Signal Processing and Electronics Research (CASPER) at the University of California, Berkeley. "ROACH-2 prepares us for the wide band processing systems needed for MeerKAT," says Andrew Martens, signal processing specialist. "It addresses the signal processing needs of many upcoming radio astronomy instruments and that is why facilities around the globe are so interested."
Getting ready for science with MeerKAT
The The meeting will focus on the detailed MeerKAT specifications and how they match the science needs of these legacy projects.
Of special interest will be the correlator functionality and pipeline software and its ability to cope with concurrent continuum and spectral line observations, as well as the demands of the non-imaging projects. The teams will be intimately involved with further developments, and will be able to test their observing modes and software using KAT-7 when the major commissioning of that array is completed. Directly after this meeting, the 'ThunderKAT' transients project will hold the first face-to-face meeting of its members.
Education boost for Carnarvon schools and SA universities
On 25 
First light for anzSKA e-VLBI
The first Trans-Tasman 'e-Telescope' came to life in February, when radio telescopes in A-NZ were linked together in real time, via the Auckland University of Technology (AUT) Warkworth Radio Astronomical Observatory (NZ) and CSIRO's Mopra Telescope (Australia). The e-Telescope was operated remotely from Warkworth, via KAREN (NZ's Kiwi Advanced Research and Education Network) and AARNet (Australia's Academic and Research Network), successfully demonstrating e-VLBI technologies as a key component of A-NZ's commitment to the SKA project.
CSIRO's ASKAP ramps up in 2011
Following the successful construction of the first six (of 36) antennas in 2010, the overall technical build of ASKAP continues in 2011. Major digital back-end systems are on schedule, ready for full integration testing over the coming months. Though the ASKAP digital systems board has a high level of complexity that pushes the limits of manufacturability, Sydney-based Puzzle Precision has delivered these systems with high reliability; a sound demonstration of manufacturing excellence within A-NZ.
MWA receivers ready for the MRO
Perth-based Poseidon Scientific Instruments (PSI) recently succeeded in packaging sensitive electronics for Murchison Wide-field Array (MWA) receivers into environmentally controlled enclosures; this prevents the unit's electronics from interfering with other equipment on site at the Murchison Radioastronomy Observatory (MRO) and preserves the radio-quiet environment. The delivery of the first of 64 identical enclosures is a critical milestone for the MWA project and a great example of leading-edge industry participation in the A-NZ bid. ICRAR is leading an international consortium to build MWA, one of three official SKA precursor telescopes. For more information, see www. mwatelescope.org
EDGES in Nature
In December's issue of Nature, the Experiment to Detect the Global EoR Signature (EDGES) project released results of a three-month experiment performed using the EDGES spectrometer system deployed at the MRO. The experiment was designed to detect a never-before-seen signal from the early Universe by looking for hydrogen gas that existed between galaxies. This research aids understanding of the formation and evolution of galaxies. For more information see http://www.eurekalert.org/ pub_releases/2010-12/asu-aao120610.php. processing back-end, recently delivered from CSIRO. The data-rate from observations with SKAMP are now 10 000 times higher than before; most recent verification testing is the first time that code of this scale has been successfully run at this rate. In 2010, SKAMP was officially designated an SKA Pathfinder instrument.
SKAMP's correlator system progresses
ICRAR-CSIRO collaboration on EMC
ICRAR and CSIRO are working to promote industry understanding of radio frequency interference (RFI) mitigation requirements aimed at preserving the radio quiet environment around the MRO. ICRAR will use its electromagnetic compatibility (EMC) measurement and diagnostic capacity, drawing on CSIRO's expertise in radio wave propagation to increase understanding of typical emission signatures from various types of industry activity, and help frame long-term strategies for science-commerce collaboration.
MRO infrastructure tender awarded
McConnell Dowell Constructors (Aust) Pty. Ltd. was selected by CSIRO as the successful tender for construction of support infrastructure at the MRO. The project is a significant milestone in the ongoing development of the site, and the work will support telescopes at the MRO, including the MWA, EDGES and CSIRO's Australian SKA Pathfinder (ASKAP).
Fabricating the first silicon-onsapphire prototype SKA receiver chip
The first 'radio receiver on a chip' design is now being fabricated as part of a collaboration between CSIRO and Silanna (formerly Sapphicon Semiconductor). At just 2.8 x 2.8 mm, the chip integrates much of the electronics required to process one channel's worth of data in a phased array feed (PAF) or aperture array (AA) receiver into a single integrated circuit, minimising external components which reduces size, weight, power and cost.
WA in top 100 supercomputer list
Western Australia recently entered the ranks of top 100 supercomputers following the installation of a performance optimised data (POD) centre at iVEC's Murdoch University facility in Perth. As Stage 1A of the Pawsey high performance computing centre, the POD was commissioned under the commonwealth government's super science initiative to establish a peta-scale supercomputing facility. When finalised in 2013, the Pawsey centre will process radioastronomy data from the MRO, through a high speed optic fibre connection, at up to 15 times faster than the POD.
Wajarri representatives and students visit the MRO
In late 2010 the ASKAP indigenous land use agreement (ILUA) liaison committee meeting was held at Boolardy Station in Western Australia. The ILUA members toured the MRO and viewed, for the first time, the six newly installed ASKAP antennas. Students from Boolardy's neighbouring Pia Wajarri station also visited the MRO in December. The Wajarri people have provided CSIRO a list of Wajarri names that will be used for key infrastructure at the MRO in the future.
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News from around the world Dr Franz Schlagenhaufer (left) and Brian Crosse testing equipment in ICRAR's anechoic chamber at Curtin University. Credit: ICRAR PrepSKA WP2 work in Canada continues its focus with research and development on composite reflectors, focal plane, phased-array feeds, digital systems at NRC-HIA, and low-noise amplifiers, analogue-to-digital converters, and multidimensional signal processing at the Universities of Calgary and Victoria.
The dish verification antenna
The CART group at NRC-HIA and the US TDP have been collaborating closely on the design of a 15 m offset Gregorian antenna, part of the PrepSKA Dish Verification Programme. A key aspect of this design is a rim-supported composite reflector being developed by NRC-HIA that has superior cost and RF-performance advantages over competing designs.
Preliminary design work on the reflector is well underway, following the successful concept design review of the DVA in February. Measurement of the material properties of reflector surface are nearing completion and are yielding coefficients of thermal expansion (CTEs) a fraction of aluminum or steel. Shrinkage modelling based on measured test structures is also nearly complete. A 4.2 m offset reflector has also been built and will soon be used to validate the model. These results will permit designing a mold that pre-compensates for manufacturing distortions -giving a highly accurate reflective surface that has minimal material and can be mass produced at low cost.
Remaining work involves detailing the design of the reflector and feed support structure and planning the manufacture of the reflector at the VLA site in advance of the DVA preliminary design review proposed for early September 2011.
Advanced focal array demonstrator (AFAD)
Work at NRC-HIA continues on a high sensitivity, SKA-capable phased array feed (PAF) and progress is being made on a number of fronts.
This project will produce a phased array feed with capabilities suitable for science applications: namely a wide instantaneous bandwidth (500 MHz over a 0.7-1.5 GHz band), real-time beamforming, and a system temperature less than 50K. The first two objectives will use high-speed digital signal processing boards while the last is attained by embedding low noise amplifiers (LNAs) at the at the feed points of array elements.
A number of prototype LNA circuit boards have been received and tested. These proofof-concept boards (see figure 1 ) have yet to be optimised for this application.
Good progress is being made on a Vivaldi element which is thick enough for embedding LNA electronics. This work is proceeding in collaboration with the electro-magnetics modelling group at Université Catholique de Louvain, Belgium (Christophe Craeye and Rémi Sarkis).
Devices
The devices group at the University of Calgary have been advancing their research 23 News from around the world Canada on high-performance LNAs and analogue to digital converters (ADCs), with the ultimate goal of developing a highly integrated LNA and ADC with an optical link output.
In March the group visited IBM facilities in the USA and Canada to investigate the potential of advanced processes and packaging. The trip was very useful and a joint developed project is being considered.
LNAs:
Two new receiver integrated circuits (ICs) have been designed and were submitted in February for fabrication (see figure 2 ). The two receivers have different front-end LNAs but similar back-end gain stages and are implemented in the TSMC CMOS 65 nm GP process on a 1.5 mm x 1.5 mm die. Simulated performance shows ~10 K of noise temperature, and >70 dB of gain over a band from 700 MHz to 1.4 GHz. The power consumption is ~250 mW. The main goals of this design are to investigate the accuracy of the noise models and the stability of a receiver IC with this much gain. ADCs: Work continues on time to digital converters (TDCs). A new 65 nm CMOS voltage-to-time converter (VTC) is complete and was submitted for fabrication in early March of 2011. The new design is intended as the front end of a time-based ADC, to achieve 4-bit resolution at 5GS/s. A key advantage of TDCs is the low-power VTC can be very close to the LNA and it can natively transmit a serial digital stream to a delay to time convertor.
The feasibility of the approach has been experimentally demonstrated by separating the VTC and a Time-to-Digital Converter (TDC) by a distance of 0.5 m. using a previously fabricated VTC and TDC in 90 nm CMOS.
The design, simulation and layout of a new 65 nm 5-bit 10 GS/s 40 mW CMOS ADC was completed in February, and was submitted for fabrication in early March 2011. The chip incorporated a number of innovations: * The new architecture of a time-interleaved dynamic comparator (TIDC) is samplingclock-skew free, thus no timing correction is necessary. The TIDC is reference-less, thus no reference ladder is required, which saves power and reduces the input signal feedthrough effects to the ladder. * A new background calibration scheme was also designed: with one extra comparator as reference, all of the other comparators are able to be calibrated in the background with controllable low speed (saving power).
Digital systems
NRC-HIA is the lead institute for WP2.5.1. Work has focussed on preparing concept descriptions of the GSA correlator concept, and the central beamformer concept based on how it would tie into the GSA correlator for the signal processing CoDR in April.
We have issued RFQs for an ASIC design study, and have received a number of quotations, but await proceeding with the design study until after the digital system CoDR in April, and then only if the GSA concept receives a favourable rating.
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FAST construction in progress
A new mode in large telescope construction
FAST possesses independent Chinese intellectual property rights and will be the most powerful single-antenna radio telescope in the world. Its design reflects the innovative ability of a high-tech and integrated China. FAST, that will be located in a karst valley, will be composed of thousands of reflector units to form a 500 m diameter active reflecting area with high-precision positioning. The new FAST telescope design, together with the perfect site, offers a new mode in large telescope construction. As a platform for basic science research, it will play a significant role in many scientific research areas. The construction of the FAST telescope will benefit the development of the west China region as well as society as a whole which is in line with the overall national strategy for regional development.
With help and support from the National Astronomical Observatories, provincial governments and relevant departments, the land acquisition, demolition, resettlement and other related work has now been completed, as well as the approach road works, symbolising the start of a substantial construction phase. Staff members of FAST will run the project which is scheduled for completion in five and a half years. FAST will change Guizhou into an academic centre for international astronomy that attracts attention from all over the world and showcases the Guizhou province. It will aim to educate young people and the public of Guizhou and will serve to fulfil the long-term strategic goals on science and education there.
A meeting at FAST excavation sites
In February 2011, a technical meeting was held at the FAST telescope site where the management of the site excavation and supervision unit confirmed that the accuracy of control points met the construction requirements when the mapping control website was handed to the construction unit. Technical tests concerning excavation of the FAST site have been completed and detailed information regarding blasting, design, supervision and construction were discussed. The FAST chief engineer, R.D. Nan, outlined the project including special requirements. The exploration unit gave an update on construction exploration. The construction principle, order, key content and site details were also discussed. Requirements and advice were given to the construction organisation and a process of top-down construction was emphasised.
Advisory meeting on engineering cable fatigue
To avoid the FAST cable being destroyed under tension, an advisory meeting on engineering cable fatigue was held in Bejing. The participants, all experts in the field, discussed the needs of cable fatigue tests, and the requirements of FAST cables. It was clear that the problem of cable fatigue is worthy of attention as the FAST control precision will depend on the cable quality.
JLRAT based activities
After the foundation of JLRAT (Joint Laboratory for Radio Astronomy Technology), a collaboration between NAOC (National Astronomical Observatories China) & CETC54 (54th Institute of China Electronic Technology Corporation). Mutual discussions and meetings continue to be held to promote exchanges of information on current mechanical and electronic antenna technology required by the FAST project. JLRAT is serving as a forum for large radio telescope development work enabling the researchers and engineers to follow global trends in new antenna technology including active reflectors, feeds, supporting panels, measurement and control, receivers etc. JLRAT aims to be at the international forefront of the development of radio astronomy techniques, establishing a combined scientific research and engineering consortium, exploring a radio astronomy laboratory for the full large telescope system, providing a personnel training platform for SKA involvement and promoting international cooperation in radio astronomy technology. JLRAT aims to become recognised throughout the world.
A JLRAT meeting was held to discuss future antenna development.
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News from around the world News from Europe this issue includes a decision to formally coordinate all European SKA science work with the appointment of two new project scientists. LOFAR showcases new images and receives a hardware upgrade at the central processing facility and the EMBRACE team demonstrate the flexibility of aperture arrays with results from two simultaneous observations.
ESKAC
Since the start of the year ESKAC has been in discussions regarding all aspects of SKA related work in Europe including preparations for the SSEC and ASG meetings that were held in Rome in March 2011.
ESKAC has decided to put formal coordination of all SKA related science efforts in place by appointing a European project scientist and deputy project scientist -Prod. Heino Falcke (Nijmegen, ASTRON and Bonn) and Dr. H.-R Kloeckner (Bonn) . When the Memorandum of Understanding (MoU) of the existing SKA collaboration expires at the end of 2011, ESKAC will continue to operate as the European body that unites all scientific stakeholders of the SKA project across Europe.
LOFAR
The central operation of LOFAR was further improved over recent months. The hardware at the central processing facility was upgraded and images can now be produced via an automatic pipeline. Regular observations have led to stunning pictures. For example, LOFAR HBA observed the partial solar eclipse on January 4, 2011 at 140 MHZ (image below left). Observations on the long European baselines are now regularly performed and deliver fantastic results (see http://www.astron.nl/aboutastron/press-public/news/cest-magnifiquelofar-goes-multi-national).
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News from around the world Europe Image copyright: ASTRON Early pulsar commissioning results are featured in the recently accepted article "Observing Pulsars and Fast Transients with LOFAR" (Stappers et al. 2011, A&A, in press ). The paper presents many observational results that demonstrate some of LOFAR's unique observing capabilities. For example, a simultaneous observation of five widely separated pulsars with the low band antennas at 28 MHz (image below right, previous page). See the published paper for more results.
Aperture arrays
The exciting news this issue is that the EMBRACE team succeeded in demonstrating extreme flexibility using aperture arrays. Two simultaneous observations were performed on galactic HI at 1.4 GHz and the well known Crab pulsar at 1.2 GHz using widely separated beams (in fact one scanning and the other beam fixed on the pulsar). About 27 sqm dense array area of the full EMBRACE at the Westerbork synthesis radio telescope (WSRT) was used while preparing for operational availability of the much larger array. See the explanation in the image. Note that this is one of two sites with similar aperture arrays the other located at Obs. Nançay so much more can be expected! Further enquiries can be obtained through ASTRON (see www.ska-aavp.eu ). Their focus will be working towards the aperture array verification systems. In the process, the AAVP project-and activity plan also went through some updating. AAVP is now planning for its first major milestone, the AA concept design review, to be held from 19-20 April in the Schiphol area in the Netherlands. This is one of a series of such subsystems reviews following the successful delta system concept review last February. Following this, AAVP is planning the details for the AA-low workshop to be held from 6-9th September partly in preparation for the preliminary design review in December 2011. More information on AAVP is available from the AAVP office secretary@ska-aavp.eu.
JIVE
The Joint Institute for VLBI is the coordinator of the NEXPReS project, aiming to include real time e-VLBI services into every experiment of the EVN. Recent highlights include a 64 hr operational run at 7 Gbit/ sec combined data rate. There is also progress is being made in developing new correlators for VLBI. The local SFX software correlator is now operational and it is used for special projects, like pulsar binning, but also observations of the Venus Express spacecraft. For the longer term, future JIVE aims to develop an FPGAbased correlator. An important step in this process is the recent production run of processing boards, developed in the context of the RadioNet UniBoard project. The performance specifications of this UniBoard are feeding into the SKA digital processing considerations. Secondly, as part of the plan for upgrading the servo system of the GMRT to use brushless motors, a prototype version has been installed on one GMRT antenna, fine tuned and fully integrated for regular operations. Installation of the new system on four antennas will be completed shortly, and components have been ordered for extending the scheme to ten antennas within the next year.
GMRT upgrade activities
Transient analysis pipeline at the GMRT
We are in the process of implementing a transient analysis pipeline for the GMRT. This project, in collaboration with colleagues form the Swinburne University of Technology and the Curtin University of Technology in Australia, will implement a fully real-time pipeline that will look for fast transients on timescales of micro seconds to milli seconds, and RRAT like objects, while running piggyback with any regular GMRT observation. It exploits the multi-element capability of the GMRT and the availability of the new GMRT Software Back-end (Roy et. al., Experimental Astronomy, vol. 28, p. 25, 2010) , to produce incoherent array beam output from up to 4 sub-arrays of the GMRT, and pass the data through GPU based computation engines to carry out the transient detection analysis.
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News from around the world India Block diagram of the implementation of the transient detection pipeline for the GMRT All the blocks of this pipeline have been developed and successfully tested with offline data, and are being integrated into a realtime version. In parallel, an imaging algorithm has been developed that will help localise the sky position of the transient within the primary beam of the GMRT antenna, which produces images from corresponding raw voltage streams on time scales of milliseconds.
The GMRT is now VLBI capable
First fringes were obtained from VLBI observations carried out between GMRT antennas and Australian telescopes at Mopra and ATCA, on December 15, 2010. The experiment, carried out as part of a joint program under the Australia-India Strategic Research Fund, enables GMRT to join the VLBI club. Raw voltages from eight individual GMRT antennas, over a bandwidth of 16 MHz at 1390 MHz, were recorded on disk using the recently completed GMRT Software Backend (Roy et. al., Experimental Astronomy, vol. 28, p. 25, 2010) , and were correlated off-line with data from Mopra and ATCA by colleagues at Curtin University of Technology. Clear fringes were seen between all the antennas used in the experiment, a sample of which is shown in the figure. The experiment has since been repeated successfully, and efforts are on to establish a routinely working VLBI set-up at the GMRT.
Indian contribution to PrepSKA activities
The National Centre for Radio Astrophysics of the Tata Institute of Fundamental Research in Pune, India has taken on the lead role for the SKA monitoring and control work package (WP 2.1.5). This work will be carried out in active collaboration with industry partners to develop a detailed requirement specification and architecture guidelines of a next generation control and monitoring (C&M) system for the SKA. The main industry partner is the Tata Research, Design and Development Centre which forms the research arm of Tata Consultancy Services, the largest software company in India. Our collaboration has started to work together with SPDO and other international partners to develop a user requirements specification for the C&M system. In parallel, we will also gather knowledge from designs of existing and upcoming radio telescopes. For the delta-CoDR held in February 2011, our collaboration contributed a document titled SKA Monitoring and Control Strategy that outlines the scope, architectural drivers, operating philosophy and challenges of monitoring and control of the SKA.
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News from around the world Fringes from the first VLBI experiment between GMRT and Australian telescopes US news this issue focuses on the Long Wavelength Array where construction of the first station has been completed and is now undergoing commissioning.
Long wavelength array update
Construction of the first LWA station (LWA1) has been completed and is now undergoing commissioning. The full electronics package has been installed including the digital processor built by JPL and the station is taking data (see images overleaf). In addition to the two transient buffer modes, TBN and TBW, the LWA1 supports four independently steerable beams each with two tunings of up to 16 MHz each.
Software development continues for the array, with a focus on providing support for commissioning, scheduling software for users and speeding up the data readers. The LWA Software Library (LSL) can be obtained from the LWA web pages.
As always, more details can be found on the LWA web pages at: http://lwa.unm.edu
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News from around the world US The complete and cabled up digital processor for the LWA1. The DP can form 4 independent beams on the sky as well as transmit either wideband (TBW) or narrowband (TBN) signals from all 520 input dipoles
